One of the major pathological changes in rheumatoid arthritis (RA) is the formation of pannus, exuberant granulation tissue which extends from the synovial/cartilage interface over the surface of the articular cartilage, leading to its consequent destruction and erosion.' Pannus also extends into subchondral bone, producing marginal erosions and cyst-like areas of bone destruction. The inflamed synovium from which pannus develops is rich in inflammatory cells, including lymphocytes, plasma cells, and numerous macrophages. In RA there is also hyperplasia of the synovial intima, the synovial lining cells being almost entirely of the macrophage phenotype.2"
Collections of inflammatory cells, similar in type to those seen in the rheumatoid synovium, are also found in the epiphysial bone and, with osteoclasts, may be associated with active bone destruction. ' Release of lysosomal enzymes, including various types of proteinases, by rheumatoid inflammatory cells has been proposed to account for the destruction of cartilage and other articular connective tissues.5 6 Cytokines, prostaglandins, and other local factors play a major part in cell-cell interactions that lead to the release of these enzymes.5 6 Prostaglandins and several cytokines, such as interleukin 1, are also known to be potent stimulators of bone resorption.7 8 Macrophages are known to produce and respond to these mediators which stimulate bone resorption and are a major source of proteinases.9 There is much indirect evidence to show that macrophages, including their fused products, macrophage polykaryons, are capable of degrading the organic and mineral components of bone.'" 11 Using scanning electron microscopy, direct evidence of bone resorption by macrophages derived from extraskeletal tissues has also been noted. ' 2 13 The precise role of macrophages in the formation of marginal erosions in RA is uncertain. It has not been determined whether macrophages in inflammatory pannus contribute to the bone resorption of marginal erosions by stimulating osteoclastic bone resorption or whether they can, in some measure, directly resorb bone. This study atempts to define the cells in the rheumatoid synovium which are capable of resorbing bone. We have isolated phagocytes from the synovium of patients with RA (with patients with osteoarthritis (OA) as controls) and characterised these cells cytochemically and immunocytochemically. Their ability to resorb bone in the presence and absence of systemic (parathyroid hormone, vitamin D3) and local (prostaglandin, interleukin 1) hormonal stimulators ofbone resorption has also been determined directly by scanning electron microscopy.
Patients and methods Synovial tissue was obtained fresh from 16 patients with seropositive RA'4 and four patients with OA during operations. The synovial samples from patients with RA were obtained from four hip joints, two knee joints, five elbow joints, and five wrist joints; 14 women and two men were studied and the average age was 50 years (range . The four synovial samples from patients with OA were all derived from the hip joint and were from patients aged 59, 65, 68, and 69 years.
The synovia were immediately placed into Hanks's balanced salt solution (HBSS) (Gibco, UK). Specimen radiographs of the synovium were taken to determine if there was any calcific debris or bone particles within the synovial membrane. Patients showing radiographically detected calcification of the synovial membrane were excluded from the study. Blocks of synovium were taken for routine histologic study. The remainder of the sample was used for the extraction of cells for in vitro culture. femoral midshaft of patients at necropsy. Adherent soft tissues were removed, then the block was cut longitudinally into bone slices (about 0x 0x0 3 cm) with a low speed bone saw using a diamond wheel (Buehler, Isomet, IL, USA). The bone slices were treated with ultrasound for 15 minutes in sterile distilled water, washed in acetone and ethanol, and then stored dry at room temperature.
PREPARATION OF MACROPHAGE CULTURES
The synovium was cut into small pieces (about 1-2 mm) and washed thoroughly in HBSS. The synovial fragments were digested for two hours at 37°C in HBSS containing 1 mg/ml collagenase Type I (Sigma, UK). The supernatant was carefully collected and resuspended in 10 ml HBSS. This was twice centrifuged at 1200 rev/min for 10 minutes. Finally, the cell pellet was resuspended in 5 ml of a minimal essential medium (MEM; Gibco) with 10% fetal calf serum (Gibco) containing glutamine, benzyl penicillin, and streptomycin (MEM/FCS). The cell suspension was added to the bone slices and to 6 mm glass coverslips in 7 mm diameter multiwell plates (Nunclon, Denmark). Cell suspension (100 tl) was placed into each well and settled for one hour on the bone slices and coverslips at 37°C and 5% carbon dioxide. Coverslips and bone slices were removed and washed vigorously in MEM then placed in fresh wells containing 250 ,ul culture medium with or without added hormones. Approximately 1000 cells derived from synovial samples from patients with RA and 400 cells from synovium from patients with OA remained adherent to the coverslips after this isolation procedure. Added hormones and final concentrations were parathyroid hormone (NIBSC), 10 IU/ml; 1,25-dihydroxyvitamin D3 (Roche, UK), 1 The isolated cells were also characterised immunohistochemically. After incubation for 24 hours the cell cultures on the coverslips were fixed by acetone then stained by an indirect immunoperoxidase technique for the detection of several macrophage/osteoclast associated antigens. 6 The monoclonal antibodies used were derived from the IVth International Workshop on Human Leucocyte Differentiation Antigens'7 (table 1).
RESPONSE TO CALCITONIN
After digestion the cell suspension was added to the wells of a 17 mm diameter Costar plate containing 16 mm glass coverslips. Cells were incubated for 20 minutes at 37°C in 5% carbon dioxide. The coverslips were then removed from these wells and washed vigorously to remove non-adherent cells. One of a pair of coverslips was then placed in a well containing tissue culture medium (MEM/FCS) with calcitonin (1 ig/ml) and the other in medium alone. The cells were incubated for up to one hour and continuously observed for a morphological response to calcitonin. 8 They were then tCD antigen present on macrophages and osteoclasts. '6 Bone resorptin by cells isolatedfrom rheumatoid synovium Table 2 Number of lacunar resorption pits on bone slices cultured with cells derived from synovium ofpatients with rheumatoid arthritis (RA) and osteoarthritis (OA group fig 3A) . Identical results were seen after giving calcitonin to cell cultures incubated for 24 hours on glass coverslips.
CELL CULTURES ON BONE SLICES AND EVIDENCE OF BONE RESORPTION SEEN USING A SCANNING ELECTRON MICROSCOPE
Bone slices on which cells had been cultured for 24 hours contained numerous small (up to 20 ,um), round and spindle shaped cells of macrophage and fibroblast-like morphology respectively. The macrophage-like cells had a few scattered microvilli and surface ruffles on their dorsal (upper) surface and rounded or folded pseudopods, which were flattened against the bone surface. Small, widely spaced retraction fibres extended from the cell margin and bound the cells to the bone surface. In cell cultures derived from all synovial samples which contained bone fragments, occasional large cells (up to 150 [tm) of osteoclast-like morphology were also noted. On their dorsal surface these cells had considerably more microvilli, which were tightly concentrated over a central dome-like area. In addition, they had occasional surface ruffles and a broad cytoplasmic outline with closely spaced retraction fibres.
Two patterns of bone resorption were noted in cell cultures on bone slices. Typical lacunar resorption pits were seen after 24 hours and three days of incubation of cells derived from synovial samples which on histological examination were found to contain bone fragments (fig 4) (table 2) . The absolute number of resorption pits and surface area of bone resorbed was increased in longer term this would allow increased osteoclastic contact with bone mineral, the latter being the stimulus that initiates osteoclastic bone resorption.34 Inded, the appearance of surface resorption under a scanning electron microscope is not morphologically dissimilar to that of the surface of cortical bone slices after prolonged protease (trypsin or collagenase) treatment.
Macrophage products known to act as local mediators in the inflammation and joint destruction of RA include prostaglandins and cytokines such as interleukin 1, tumour necrosis factor a, and transforming growth factor ,1. 6 33 35 Such local factors are also known to stimulate osteoclastic bone resorption. 7 8 The fact that interleukin 1 and prostaglandin E2 did not obviously upgrade or increase resorption by macrophages derived from RA synovium suggests that they do not act directly on these cells and that their major effect may be on osteoclastic bone resorption. It is likely that too few osteoclasts were present in our cultures to observe such an effect. Moreover, these factors act indirectly on osteoclasts via the stimulation of osteoblasts, which would be absent from our cultures.7 8 For the same reasons, parathyroid hormone and 1,25-dihydroxyvitamin D3, systemic hormones known to affect bone resorption, do not appear to influence either low or high grade resorption by cells derived from RA synovium. Calcitonin is known to inhibit osteoclastic activity and bone resorption directly, although 'escape' from its effect does occur. Calcitonin did not affect macrophage mediated low grade bone resorption or the high grade lacunar bone resorption of osteoclasts.
A further possible means whereby macrophages could affect lacunar bone resorption follows from experiments which show that it is possible for human and murine tissue macrophages derived from primary (extraskeletal) tumours and inflammatory foreign body lesions to develop into high grade bone resorbing polykaryons in an appropriate stromal cell and hormonal microenvironment.36 37 Clearly, if such stromal and hormonal elements are present in rheumatoid pannus then these could promote a macrophage associated mechanism ofextensive and rapid bone destruction.
We thank Miss L Watts for typing the manuscript. This work was funded in part by the Cancer Research Campaign. The interleukin la was kindly provided by Dr J Saklatvala.
